SUMMARY Fourteen infants with complete common atrioventricular canal (CCAVC) underwent open heart surgery under deep hypothermia and circulatory arrest. There were three operative deaths and two late deaths. Postoperative studies performed in seven of the nine survivors revealed nearly normal hemodynamics. There were no residual shunts, and excellent mitral valve function was observed in six patients. In one patient, residual mitral regurgitation was noted. The pulmonary artery pressures and pulmonary vascular resistances were normal except in one who had severe pulmonary vascular obstructive disease before surgery. The mean left ventricular end-diastolic volume changed from 175 ± 24% (SEM) before surgery to 106 ± 7% after surgery (P < 0.01). The corresponding right ventricular end-diastolic volume changed from 166 16% to 102 ± 19% (P < 0.025). Left ventricular ejection fraction was mildly decreased before and after surgery (0.63 0.02).
THERE HAVE BEEN SEVERAL preliminary reports on the surgical repair of complete common atrioventricular canal (CCAVC) during infancy. -9 However, excluding our series, the follow-up has usually been limited to clinical assessment of results, with the exception of two patients who underwent postoperative cardiac catheterization.5' This report describes our experience since January 1974 in the surgical repair of CCAVC in 14 infants. The postsurgical hemodynamics of seven of the nine survivors are also described.
Materials and Methods
Fourteen infants (five females, nine males) with CCAVC and no associated major intracardiac anomalies underwent open heart surgery. All were in cardiac failure, and two required mechanical ventilatory support for several days before surgery. One other infant had two episodes of cardiopulmonary arrest. Thirteen of the 14 had Down's syndrome. At the time of surgery, their ages ranged from 3-15 months (mean 8 months), and their weight ranged from 3.4-6.2 kg (mean 4.7 kg). Only two patients were more than 1 year of age (13 and 15 months; see table 1.). Six patients had patent ductus arteriosus. One patient without Down's syndrome had situs inversus, dextrocardia and azygous continuation of the inferior vena cava.
Preoperative Cardiac Catheterization
Preoperative hemodynamic data were obtained an average of two months before surgery (table 2). One patient had diagnostic studies at another institution. All patients had pulmonary hypertension with the pulmonary/aortic systolic pressure ratio ranging from 0.45-1 (mean 0.90). In the patient with dextrocardia and azygous continuity of the inferior cava (case 4), the pulmonary artery pressure was not obtained. However, the right ventricular systolic pressure was 90% of systemic pressure, and there was no pulmonary stenosis confirmed in the postoperative studies. Assumed oxygen consumption (162 ml/min/M2)'0 was used to calculate blood flows by the Fick method. The calculated pulmonary and aortic blood flows showed considerable variation, as did the respective vascular resistances. The pulmonary/systemic flow ratios ranged from 0.8-4.9 (mean 2.3). The pulmonary/systemic resistance ratios ranged from 0.12-1.20 (mean 0.50).v None of the 14 patients had hypoplasia of either ventricle, and in all instances the balanced form of CCAVC, according to the criteria of Bharati and Lev,"1 was observed. Cardiac chamber volumes were calculated from the biplane cineangiocardiograms and compared with the predicted normal based on the patient's age, height, weight and heart rate.'2 13 In 10 patients where the right ventricular size could be determined, the end-diastolic volume ranged from 118%-275% of normal (mean 196%). In all 13 patients where the left ventricular size could be calculated, the end-diastolic volume ranged from 95%-282% of normal (mean 158%). The left ventricular ejection fraction, obtainable only from 11 patients, ranged from 0.51-0.67 (mean 0.61). Open heart surgery was carried out using ether anesthesia, surface or perfusion cooling for profound hypothermia, and circulatory arrest for periods ranging from 40-68 minutes (mean 54 min) at rectal temperatures of 15°C-20°C (mean 18°C).
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The surgical anatomy in three patients satisfied the Rastelli criteria for a type A defect, and in eight patients for a type C defect (see discussion). In the remaining three patients, the intracardiac anatomy did not fit into any of the three types described by Rastelli et al.14 The surgical repair was based on the method described by Rastelli the approximation of the anterior leaflet to the dacron patch. The patient died one week after secondary repair of the dehiscence. Another child (case 1 1) also showed sudden clinical deterioration on the third postoperative day, accompanied by a drop in cardiac output monitored by thermodilution. At autopsy, one of three mitral sutures was found to have dehisced. The third early death (case 6) exhibited persistently low cardiac output after surgery, and died on the second postoperative day. Autopsy was refused.
There were two late deaths. In one infant, death occurred six weeks after surgery and was attributable to pneumonia and sepsis. At necropsy, the operative repair appeared intact. The other patient, who was clinically well and in sinus rhythm at the time of discharge and at the first follow-up clinic visit, was dead on arrival at another hospital three months after surgery. There was no autopsy, and the cause of death is unknown. Including the two late deaths, the overall mortality was 36%.
Follow-Up
The follow-up in one baby recently operated on has thus far been limited to six weeks postsurgery. Eight late survivors have been followed for up to 36 months, and in all but one good cardiopulmonary status has been maintained. In the only exception (case 2), mitral regurgitation has persisted; and although the heart size has regressed, he continues to be on digoxin therapy. The other eight patients have normal auscultatory findings with either no murmur or only a faint, short, nonspecific ejection systolic murmur and a well-split second heart sound with normal or slightly accentuated pulmonary component.
High degree atrioventricular block occurred late in two cases: In one patient complete AV block appeared at four months (case 3), and in another patient seconddegree AV block (Mobitz type 2) appeared at 14 months postoperatively (case 2). Both had permanent pacemaker implantation. Another patient has intermittent AV dissociation that has not progressed further and has been well-tolerated for two years (case 4). Six patients remain in sinus rhythm with normal PR intervals.
Post-Operative Cardiac Catheterization
Follow-up cardiac catheterization has been carried out four to 14 months following surgery in seven of the nine survivors. Figure 1 shows the serial changes in the pulmonary arterial-to-systemic peak systolic pressure ratios obtained preoperatively, immediately after the surgical repair, and at the second catheterization study. The pulmonary artery pressures obtained intraoperatively in 13 patients all declined. These decreased further or remained essentially unchanged at subsequent catheterization. Moderate pulmonary hypertension was encountered in the one case who had advanced peripheral pulmonary vascular obstruction preoperatively (case 8). His pulmonary vascular resistance (465 dyne-sec-cm-5/m') remained elevated 551 increased slightly, from 143% to 168% of normal. three of our cases could not be so categorized. In addition, the demarcation between categories, especially between the A and C types, is not always sharp."
The amount of AV valve tissue available for mitral valve reconstruction, especially that of the anterior bridging leaflet, is critically important to the surgical repair. An incompetent mitral valve is likely to result if there is not enough tissue from which to fashion an adequate, functional mitral anterior leaflet.
Mitral regurgitation was observed in only one of our long-term survivors, and none showed clinical or hemodynamic evidence for mitral stenosis. However, acute mitral regurgitation secondary to dehiscence of the mitral valve sutures appeared to have caused two surgical deaths. This complication has not been previously emphasized as a cause for surgical failure. Additional considerations relevant to the surgical management are the presence of other intracardiac anomalies, the status of the myocardium, the extent of pulmonary vascular obstruction and the vulnerability of the conduction system.
High degree AV block as a late complication of CCAVC repair has not been reported by others. This occurred twice in our series, early in our experience (second and third cases) and has not been observed subsequently. Interestingly, these were the only two patients who had not converted to sinus rhythm within the first week after surgery although both exhibited sinus rhythm with prolonged PR interval upon their discharge. The anatomy of the His bundle in this condition, specifically, its intimate relationship to the posteroinferior rim of the septal defect in the ventricular septum, is well established.'7' '" Trauma to this critical site during patch placement may cause transient or permanent AV block.
The natural history of CCAVC is characterized by early death from congestive heart failure. '19 20 Without some type of early surgical intervention, only about one-third of the patients survive the first year.
In recommending primary open heart repair of CCAVC during the first year of life, Mair and McGoon5 cited two reasons for this approach: 1) ineffective palliation and high mortality from pulmonary artery banding, and 2) high risk of secondary peripheral pulmonary vascular obstruction occurring in unoperated patients after 1 year of age. Although some children with CCAVC do improve following pulmonary artery banding alone, it is not possible to identify with certainty which patients are likely to respond favorably to this palliative procedure and which ones will not. Marked clinical improvement has been reported after early primary repair. 6 However, objective assessment of the hemodynamics after surgery has been lacking. Espulgas et al.7 found normal ventricular end-diastolic pressures in a group of children who had CCAVC repair at an older age (including two who had pulmonary artery banding before age 1 year). Although the left ventricular end-diastolic volumes estimated from single plane angiograms remained elevated, stroke volumes increased proportionately as normal ejection fractions were maintained. Residual shunting or mild-to-moderate mitral regurgitation was observed in five of the eight patients, and these probably accounted for the persistently increased left ventricular volumes.
Our experience suggests that nearly normal hemodynamics can be achieved by early primary repair of CCAVC in a majority of patients who would otherwise not survive the first year. 21 have demonstrated the return of left ventricular size and function to normal following closure of large ventricular septal defects during the first two years of life. The mean left ventricular ejection fraction for their 13 patients was normal before and after surgery. However, the mean left ventricular ejection fraction for our patients was below normal before and after CCAVC repair. It would thus appear that the left ventricular volume overload in our patients with CCAVC resulted in impaired pump performance at a very early age. In view of the changes in left ventricular loading following surgery (increased afterload and decreased preload), it is possible that myocardial contractility has somewhat improved postoperatively although ejection fraction remains mildly reduced. We do not have sufficient information to predict whether ventricular function will improve further with time. Serial assessment of resting and exercise hemodynamics is indicated in these and in similar groups of patients.
